(Received for publication February 21, 1948) Prolonged or permanent impairment of liver function is now known to occur in a variable proportion of patients following an attack of infectious hepatitis or serum jaundice (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . However, the incidence of this chronic hepatic disease is not well established because of the difficulty in correlating symptomatology with the available liver function tests or with liver biopsy (12) (13) (14) (15) .
Of the means available for the study of the posthepatitis patient liver biopsy has gained favor because the positive findings have a concreteness lacking in the chemical liver function studies. However, it is not without risk to the patient and conceivably early alterations in physiology could precede structural hepatic change by many months (16) (17) (18) (19) (20) .
The bromsulfalein, cephalin flocculation, thymol turbidity and Van den Bergh are the tests generally employed but frequently the abnormality shown is slight, and is not uniformly present when they are run simultaneously. The blood clearance of bromsulfalein is generally considered a highly useful chemical test when liver impairment is minimal (21) . However, we have experimental evidence tn dogs which suggests that the clearance of bromsulfalein from the blood is probably dependent upon a dual mechanism; first, removal from the blood by the reticulo-endothelial system (Kupfer cells) and second, excretion by the hepatic polygonal cells into the bile and that early hepatic damage can cause severe impairment of the excretion of bromsulfalein in the bile without interfering with its removal from the blood (22) (23) (24) . The cephalin flocculation and thymol turbidity tests are not specific tests of liver function because they have been shown to yield positive results in other diseases. Consequently it has been difficult at times to determine the significance of minimal abnormality when it occurs in only one of these tests (25, 26) . An elevated serum bilirubin in a post-hepatitis patient is probably a reliable index of altered liver function but it is not often the case that hyperbilirubinemia exists when the other three tests are normal.
Because of these discrepancies it was felt that it would be of interest to test the excretion of bromsulfalein in the bile in a selected group of patients in whom impaired liver function was suspected but difficult to prove.
MATERIAL AND METHOD
From the hepatitis wards of a military hospital 25 patients were selected because, in spite of continuous treatment for one or two months following an attack of infectious hepatitis (14 patients) or serum jaundice (11 patients) and complete disappearance of icterus of skin and sclera, they were still suspected of having some impairment of liver function.
The patients were divided into four groups on the basis of the following criteria: (1) prolonged persistence of symptoms with normal physical findings and normal routine liver function studies; (2) prolonged abnormal physical findings without accompanying symptoms and Svith normal routine liver function studies; (3) prolonged abnormal routine liver function studies without symptoms or abnormal physical findings and (4) prolonged abnormal routine liver function studies and physical findings without symptoms.
The method of testing liver function by the biliary excretion of bromsulfalein has been described in detail previously and when further reference is made to it in this paper it will be called the biliary bromsulfalein test (22, 23, 27 (2) delayed appearance of the dye in the bile; (3) delayed attainment of the maximum concentration; (4) prolonged high curve (plateau-type) of excretion; (5) subnormal concentration (flat type of curve); (6) abnormally low total excretion in one-or two-hour periods after injection (28) .
During the initial phase of observation the patient's progress was followed by clinical appraisal and the determination of the icterus index at approximately weekly intervals. When the patient's general condition showed substantial improvement the quantitative and qualitative Van den Bergh, the thymol turbidity test, as modified by Shank and Hoagland (29) Instead of recording the voluminous data on each patient a typical case has been selected from each of the four categories and a synopsis of his course in the hospital described.
Group I: Prolonged persistence of symptoms with normal physical findings and normal routine liver function studies (four patients). M. L., a 19-year-old infantryman, was wounded in action, sustaining a perforating wound of the right upper arm with transaction of the brachial artery. He received plasma on the day of injury and whole blood two weeks later. He was returned to this country and a neurorrhaphy of the right median and ulnar nerves was performed. One month later, the patient noted that his sclera were icteric and his urine dark and a diagnosis of serum jaundice was made. Following a stormy course he appeared to improve objectively but three months following the onset of jaundice he still complained of persistent malaise, headache, inability to concentrate and nausea, belching and fullness after meals.
Although this patient had normal routine liver function studies and revealed no abnormal physi- '25 cal findings two months after the onset of symptoms (Table I) , the initial biliary bromsulfalein test showed considerable impairment of liver function on the basis of poor total excretion of dye as well as an abnormal concentration curve. Approximately one month later there was considerable improvement in the concentration but the total quantity of dye excreted during the first hour was still much less than normal (Figure 1 ). (Table IV) .
The initial biliary bromsulfalein test, which was performed after the patient had received about two months' treatment, showed severe impairment of hepatic function (Figure 4 ). Therapy was continued and liver function, according to the biliary bromsulfalein test, improved gradually. The quantity of dye excreted at one and two hours returned to within essentially normal limits over a period of one month, but the concentration curve remained abnormal.
Reference to Table V shows that no significant trend was demonstrated in any of the four groups described above. Actually there was a fairly equal 
DISCUSSION
The actual incidence of chronic liver impairment following hepatitis is not well established, and many authors feel that if more sensitive liver function tests were available a higher incidence would be found. Soffer and Paulson (2), using the bilirubin tolerance test, which they considered highly sensitive, found residual impairment of hepatic function in nine of 11 patients, eight of whom had had an acute attack of hepatitis three to 18 years previously. Mateer and his colleagues (21), using a group of newer sensitive tests, found abnormal liver function in 62 patients without clinical or other laboratory evidence of gall-bladder or liver disease. The liver function tests became normal on an average after four months of intensive therapy designed to improve hepatic function.
Kunkel, Labby and Hoagland (10) ran multiple, serial liver function studies at weekly intervals on 350 patients with acute infectious hepatitis. They emphasize the importance of the plasma bilirubin level, the bromsulfalein retention and the thymol turbidity reaction of the serum for following the various types of persistent impairment of the liver. They found eight patients, or 2.3 per cent, who did not recover completely after more than one year's time.
The actual transition from hepatitis to cirrhosis of the liver had been demonstrated by serial biopsy by Iverson and Roholm (16) , Dible, McMichael and Sherlock (17) , and Hoffbauer (31) . Out of 40 patients in whom Mallory performed liver biopsy because of persistence of symptoms following hepatitis, 15 were normal, 10 were doubtful and 15 showed changes similar to a normal convalescent group; that is, histological evidence of periportal and interlobular inflammation and focal hyalin necrosis (32) . From these studies it is clear that liver disease can be demonstrated by biopsy when histological change is present, but it seems possible that minimal physiological impairment may not always be manifested by structural change. Similarly it seems possible that minimal structural change could exist in the absence of physiologic abnormality.
In the present study of a group of 25 
